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NOTICE

Northrop Carolina, Inc,, has been assigned a patent application by the U, S,
Patent Office to cover the Controllable Solid Propellant Rocket Motor invention
disclosed in this publication, and the Commissioner of Patents has issued a secrecy
order thereon, This secrecy order requires that those who receive a disclosure of
the subject matter be informed of the existence of the secrecy order and of the
penalties for the violation thereof. ) . :

The recipient of this rgport is accordingly advised that this publication
includes information which is now under a secrecy order. It is requested that he
notify all persons who will have access to this material of the secrecy order,

Each secrecy order provides that any person who has received a disclosure
of the subject matter covered by the secrecy order is

"in nowise to publish or disclose the invention or any material
information with respect thereto, including hitherto unpublished details
of the subject matter of said application, in any way to any persons not
cognizant of the invention prior to the date of the order, including any
employee of the principals, but to keep the same secret except by written
permission first obtained of the Commissioner of Patents, under the
penalties of 35 U. S, C. (1952) 182, 186"

Although the original secrecy order forbids disclosure of the material to
persons not cognizant of the invention prior to the date of the order, a supplemental
permit attached to each order does permit such disclosures to:

"(a) Any officer or employee of any department, independent agency or
bureau of the Government of the United States.

(b) Any person designated specifically by the head of any department,
independent agency or bureau of the Government of the United States,

or by his duly authorized subordinate, as a proper individual to receive

the disclosure of the above indicated application.

The principals under the secrecy are further authorized to disclose
the subject matter of this application to the minimum necessary number of
persons of known loyalty and discretion, employed by or working with the
principals or their licensees and whose duties involve cooperation in the
development, manufacture or use of the subject matter by or for the Govern-
ment of the United- States, provided such persons are advised of the issuance
of the secrecy order. "

No other disclosures are authorized, without written permission from the
Commissioner of Patenta. Penaltiea for violation of a secrecy order, include a
fine of up to $10, 000 or imprisonment for not more than two years or both.

It must be understood that the requirements of the secrecy order of the
Commissioner of Patents are in addition to the usual security regulations which
are in force with respect to classificd materials in this report. The usual security
regulations must still be observed notwithstandirg anything set forth in the secrecy
order. In the event that this report shall be declassified, the secrecy order remains
in full force until it is specifically rescinded.
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FOREWORD

Thie annual report for the continued development
of a dual-chamber controllable solid propellant rocket
motor (DCCSR) describes the progress during the third
year of this program, which is sponsored by the Air
Force Rocket Propulsion Laboratory, fdwards Air
Force Base, California. The research and development
efforts of the ":~ogram are being performed by Northrop
Carolina, Inc. a Subsidiary of Northrop Corporation,
Asgheville, North Carolina, under Air Force Contract
AF 04{661)-9067. This report is presented in two
volumes: Volume I - Research and Development Efforts,
and Volume II - Analytical Study. This volume
(Volume I) presents results of all research and develop-
ment efforts during the third year, including develop-
ment of forward- and aft-grain propellants, results of
all development motor firings, and controi valve and
nozzle development efforts.
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(This Abstract is Classified Confidential)

' = ABSTRACT
|
L

This report presents the results of the third year's development of
a dual-chamber controllable solid propellant rocket (DCCSR) motor with
stop-restart and thrust modulation capability. The first-year's develop-
ment was conducted under Air Force Contract AF 04(611)-8175, and the
second and third year's efforts under AF 04(611)-9067, both sponsored
by the Air Force Rocket Propulsion Laboratory, Edwards Air Force
Basge, California.

- In this year's program the development of propellants for the

- forward and aft graing.was completed by means of laboratory evaluations
L and subscale motor tests. Present technology was demonstrated by

C testing full-scale motors containing 300 lb of propellant both at sea-

| : level and altitude. Excellent results were achieved in these tests in

' which the motors were programmed for both pulse and throttling
operation. Thrust ratios as high as 9 to 1 were achieved.

Another full-scale test series was conducted to de onstrate the
technology advancements made throughout the eutire three-year effort.
These moters contained the advanced propellants developed during the
program, an improved control valve and control system, and nozzles
5 specifically designed for on-off motor operation. Tests of these 300-
P lb motors were conducted both at gea level and altitude. One of these
motors demons.rated nine stop-restart cycles at altitude conditions.

3 A full-scale test that fully demonstrated the feasibility of adapting
the DCCSR concept to a post-boost propulsion system was alzo conducted.

-iii-
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[ ] SECTION I - INTRCDUCTION
.
)
r [ _J 1. GENERAL
‘ Northrop Carolina, Inc. ’=:- a subsgidiary of Northrop Corporation,
[ Asheville, North Carolina, has completed the third year of development
E ‘lf of a command controllable dual-chamber solid propellant rocket motor

k - {DCCSR). This report describes the work conducted during the third
) year of development, uhder Air Force Contract AF 04(611)-9067, for

the Air Force Rocket Propulsion Laboratory (AFRPL), Edwards

Air Force Base, California.

¥ ; The {irst year's efforts from 15 April 1962 through 14 April 1963,
were conducted under Air Force Contract AF 04(611)-8175 and are
) reported in References 1 through 4. The second year's efforts (15
March 1963 through 14 March 1964) were conducted under Contract
AF 04(611)-9067, awarded on 15 March 1963, and reported in Refer- ‘
ences 5 through 8. The third year's efforts, which were continued
b under Contract AF 04(611)~9067, awarded on 10 February 1964, are !
reported in References 9 through 13, respectively. This report along
with Reference 8 provides a complete summary of all efforts under
Contract AF 04(611)-9067.

.....

This report is presented in two volumes. Volume I presents ;
the program objectives, results of the propellant development work, :
results of the studies and tests conducted during the program, and

- conclusions. Volume II presents the results of an analytical study to
determine the effect of various parameters on performance of the
DCCSR motor.

L 2. DESCRIPTION OF DCCSR CONCEPT

{ i A basic necessity for space and re-entry maneuvering on ad-

; vanced scientific and military missions as well as terminal guidance

for advanced weapon systems is a rocket propulsion system capable of

. stop-restart functions and thrust magnitude control. [t is highly de-

§ sirable to combine these features with the inherent advantages of sim-
plicity and increased state of readiness found in solid propellant rocket
motors.

o

) i

Formerly Amcel Propulsion Company.
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The most direct method by which these desirable aspects can be .
provided in a solid propellant rocket motor is through use of a variable
: throat area instead of the standard fixed nozzle in a single-chamber
b motor. Changing the throat area would thus produce variable thrust [ i
due tc changes in the motor mass flow and the expansioa ratio of the !
' nozzle. The propellant grain could be extinguished by suddenly increasing
the throat area, resulting in a rapid chamber pressure decay. Reigni- . ;
i tion could be accomplished by multiple igniter units that exhaust dir- [ : {
! ectly into the forward end of the chamber. ;

The principal problems that must be overcome to achieve the
above approach are associated with the design of a throttle valve that
will operate reliably in a hot gas environment. With current state-of-
the-art propellants, the valve will be subjected to a hot (5500°F), cor- '
rosive gas stream containing erosive condensed particles. Adjusting
the propellant formulation for combustion gases which are compatible R
with a mechanical valve normally reduces the performance of the P
propellant. Considerable progress has been made in the development
of hot-gas valves for thrust vector control vsing solid propellant
combustion products. However, the development of these valves is
, not sufficiently advanced to provide precise throttling area control
: for prolonged periods nor to withstand the temperature cycling effects
introduced by on-off operation with high-energy metallized solid Ly ;
propellants. (Confidential) , i

The dual-chamber controllable solid rocket motor concept utilizes
fuel-rich (forward) and oxidizer-rich (aft) propellant chambers separated
by a throttle valve (sce Figure 1). The fact that the fuel-rich combus-~
tion products are relatively cool burning (2800°F) permits the use of
state-of-the-art materials in the valve construction. A conventional
high-temperature nozzle is used on the aft chamber where high-
temperature combustion takes place. A multiple pyrogen unit ignition :
system is included as an integral part of the forward chamber. (Confidential) ,

Thrust is initiated by igniting the forward propellant with a single
pyrogen unit. The relatively cool combustion products from the forward
chamber are throttled through the control valve into the aft chamber -
where additional reaction occurs, resulting in more energy release. 1
The aft propellant will not sustain combustion in the absence of heat
. supplied by the forward propellant. Therefore, throttleability is
: achieved by varying the forward chamber pressure {(and burning rate)
through valve position control. The aft propellant burns when the )
combustion gases from the forward propellant pass over it. (Confidential) H
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Figure 1 - Dual-Chamber Controllable Solid Propellant Rocket Motor
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Thruet can be terminated at any time during the burning period
by suddenly increasing the valve flow area, which produces a rare-
faction wave that extinguishes combustion of the forward propellant.

M T 3

: Since the aft propellant will not sustain combustion alone, it too is |
[ extinguished. (Confidential) - : 1

i

Repeated on-off cycle operation is achieved by reignition of the !
[ forward propellant using another pyrogen igniter of the multiple igni- ; .
tion system for each restart. During motor operation, the unused ; 1
1 igniters are protected against autoignition from the forward propellant {

J combustion products by means of individual burst diaphragms that !
are fractured as ‘each igniter is fired. {Confidential)

L. 3. ADVANTAGES

; Some of the advantages of the unique concept over other approa-
. ches to a variable-thrust, on-off system include:

{}. 1. No pressgurization or gravity force feed systems are re-
; quired at start-up, since an all solid-propellant system is
used.
Li 2. Thrust termination and throttleability are achieved by a j

single controlling element (system simplicity).

3. The exposure of the throttling element to an extremely
high-temperature environment is eliminated.

4. The dual-chamber concept provides an excellent mechanism
for using high-energy propellant ingredients that may not

] ke compatible in a conventional system.

- (Confidential)
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SECTION II - PROGRAM OBJECTIVES AND SCOPE

=3

| —— |

The scope of the program, originally scheduled to cover 15
months, encompassed five Phases:

B

f
i

b Phase I - Prepare and Maintain a Program Plan
¥ ° Phase II - Propellant Development Program

° Phase III - Demonstration of Present Technology

S -

° Phase IV - Nozzle Development

Phase V - Demonstration of New Technology

[+

The development tests planned to be conducted during these .
phases is presented in Table I. '

I
: { 1. PHASE I - PROGRAM PLAN

P The requirements of this phase were fulfilled by preparing a
‘ detailed program plan (Reference 14) and updating the plan on a monthly
' basis.

\ { i 2. PHASE II - PROPELLANT DEVELOPMENT PROGRAM 2

This phase was subdivided into the development of forward-
and aft-grain propellants. The primary objective of the over-all
propellant development effort (forward and aft) was to further develop
the propellant system for use in the DCCSR motor, which would be

T

¢ P

[ , demonstrated subsequently in Phase V tests (Test Series N). The
effort was to be directed generally toward achieving the following:

{ 1. Improved termination capability

3 2. Delivered vacuum specific impulse of 280 lbf—sec/lbm at
; 20-to-1 expansion ratic

- 3. 10-to-1 throttleability

4. Space storability (desirable, not mandatory)
g {Confidential)
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Forward-Grain Propellant Development

The objective of this portion of Phase II was to develop a
propellant, or propellants, for use in the forward chamber,
which would meet the following requirements in the relative order
of importance:

1. Combustion of the propellant should be capable of
being extinguished without subsequent reignition,
at sea level, by pressure decay rates comparable
to those necessary for extinguishing PPO-13 (Ref-
erence 7).

2. The propellant flame temperature should be less
than 3000°F.

3. The percentage of liquid and/or solid combustion
products of the propellant should be very low, and
preferably none at all.

4. The burning-rate pressure index should be between
0.7 and 0.9 over the wide pressure range of 100 to
4500 psi; the motor should operate stably at this range.

5. The propellant should be castable and have mechani-
cal properties comparable to state-of-the-art formulations.

6. The propellant should be capable of a delivered vacuum
specific impulse of 280 lb_-sec/lb , in combination
. m
with the aft propellant. (Confidential)
In addition to these major requirements, it is desirable
that the propellant be space storable.

The requirements of this phase were to be met by conducting
laboratory evaluations of {1) a nitroplastisol binder system and (2)
a composite binder system, and by conducting propellant develop-
ment tests (Test Series J, as shown in Table I).

The results of this development program are presented in
Section I, Subsection 1.

CONFIDENTIAL
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' b. Aft-Grain Propellant Development [ i

The objective of this investigation was to develop a propel-
lant, or propellants, for use in the aft chamber, which would i i 4
meet the following requirements in the relative order of importance: b

1. The propellant should terminate without reignition
at decay rates compatible with those achieved pre-
viously in test firings. i

..,...(._ﬂ.!

2. The mechanical properties should be comparable to E,
those of atate-of-the-art propellants, and the propel- }
lant should be castable and case bondable.

! 3. The slope (n) of the P-r curve should approach unity.

(Confidential)
In addition to these primary requirements, the propellant

should, in combination with the forward propellant, deliver

‘ 280 lb_-sec/lb,, specific impulse, have low sensitivity and high S

;‘ stability, and be space storable. These requirements were to R

be achieved by conducting a comprehensive laboratory evaluation ) ' :

and by conducting propellant development tests (Test Series H, : ; i

as shown in Table I). (Confidential) i

The results of this development program are presented in -
Section III, Subsection 2.

3. PHASE III - DEMONSTRATION OF PRESENT TECHNCLOGY

The objective of Phase [II was to establish the mechanism of
operation and performance envelope of the DCCSR concept. This
phase was to consist of a reignition study (Test Series I}, an insulation
evaluation, development of a control valve for the full-scale motors,
and full-scale motor tests (Test Series M), The results of this phase
are presented in Sections IV and VI.

4. PHASE IV - NOZZLE DEVELOPMENT

The objective ~f this phase was to demonstrate technology for the
degign of a nozzle that is capable of surviving cycle firings of the DCCSR
motor. The final nozzle design was to be used in the latter Series M
firings and all the Series N firings. The efforts of this phase are described
in Section VI and in Appendixes C and D. The evaluation of the nozzle
design is presented in Section VIII.

-10- < !
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PHASE V - DEMONSTRATION OF NEW TECHNOLOGY

The objective of this phase was to demonstrate the mechanism
of operation and performance envelepe of the DCCSR motor with the
new forward and aft propellants developed during Phase II. This phase
was to congist of Test Series N, which would utilize full-scale motors
consisting of (1) a spherical forward chamber containing propellant
developed during Phase II, a proportional hot-gas valve developed
during Phase IlI, a new cylindrical aft-chamber containing propellant
developed during Phase II, and the nozzle developed during Phase IV.

The results of this phase of effort are presented in Section VII.
ANALYTICAL STUDY

In addition to the five separate program phases described above,
a comprehensive analytical study was conducted in order to determine

the effects of scaling on internal ballistics, physical properties, and
general operating and control characteristics of the DCCSR motor.

The study was programmed for Northrop Carolina's IBM 1620 Computer,

and the results presented in the form of charts and graphs. A sum-
mary of this effort is presented in Section V herein; the detailed results
are presented in Volume II.

-11-
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SECTION III - PROPELLANT DEVELOPMENT

The development of improved forward- and aft-grain propellants,
in accordance with the objectives outlined in Section 1I, is described in detail
in this section. The forward-grain development effort was completed mid-
way through the program, with the primary objectives having been achieved.
The aft-grain development, however, was more extensive, and continued
throughout the course of the program. Because of the length and complexity
of the propellant developme .t work, this section hag heen divided into sub-
sections. Forward grain development results are presented in Subsection I,
beginning on the following page, and aft-grain propellant development in
Subsection 2, beginning on page 49.

-13-
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SECTION III - PROPELLAMNT DEVELOPMENT

Subsection 1 - Forward-Grain Propellant Development

L GENERAL

The forward-grain development effort was confined exclusively
to the nitroplastisol binder system, which, on the basis of previous
experience, offered the following advantages over the composgite systems:

1.

An essentially constant slope over a wide pressure range;
composite propellants generally exhibit an increased
slope between 1000 and 200C psi.

High-pressure operation; composite systems are generally
operated below 1500 psi, since some composites are thought
to burn in micropores at high pressures.

Termination under sea-level conditions; propellants con-
taining large amounts of aluminum and/or ammonium
perchlorate with hydrocarbon binders have been observed
to reignite following termination at sea level.

(Confidential)

The effect of additives (burning-rate modifiers) on the basgic
nitroplastisol propellant system was evaluated; additives included the
following conventional and high-energy oxidizers as well as coolants:

1.

Nitroguanidine

Ammonium azide

Polyethylene hydrazine perchlorate
Triaminoguanidine azide
Potassium perchlorate

HMX

Coolants (oxamide, ammonium oxalate, triacetin).

(Confidential) -15-
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pressure ranges of 50 to 2000 psi, and compared with formulation
PPO-13, the basic forward-grain propellant used during the first
two years of the DCCSR program. The more promising formulations
were then evaluated more thoroughly in the laboratory and in motor
tests,
i in the laboratory and in rnotor firings. The details of this evaluation
' are presented below. (Confidential)

a.

Iz

Initially, these additives were evaluated in the laboratory over

The selected propellant was then thoroughly characterized

2. LABORATORY EVALUATION

General

The nine candidate additives listed above were incorporated by
into a nitroplastisol binder consisting of a 1 : 1 ratio of nitro- L.
cellulose ball powder and triethylene glycol dinitrate (TEGDN), T

with one percent resorcinol, a stabilizer. Twenty-three formu-
lations were evaluated.

Nitroguanidine

To compare the effect of various additives in the nitro-
plastisol binder, burning rates of the binder alone were measured
in the strand bomb. Then, to determine the effect of nitroguani-
dine on the binder, these results were compared with those previous-
ly obtained with PPO-13 nitroplastisol propellant, which con-
tains 12 percent nitroguanidine. Figure 2 presents this comparison.
Above 500 psi, the burning rates of the binder and PPO-13 are
nearly identical. However, at lower pressures, the slope of the
burning-rate curve for the binder decreases, whereas the slope
for PPO-13 remains identical to that at high pressures. Burn-
ing-rate data obtained from motor tests with PPO-~13 are al-
most identical to the strand data. Higher concentrations of
nitroguanidine (19 and 24 percent) in formulations PPO-88 and -89,
respectively, had little, if any, effect on pressure exponent (see
Figures 3 and 4). (Confidential)
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Figure 2 - Effect of Nitroguanidine on Strand Burning Rate of
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Figure 3 - Strand Burning-Rate Data for PPO-88 Propellant ‘
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Figure 4 - Strand Burning-Rate Data for PPO-89 Propellant

Ammonium Azide

Ammonium azide (NH ,N_) was selected for evaluation
because of its high working iluid content, which contributes
to a low flame temperature. Since ammonium azide is not
commercially available because of a lack of demand, a small
quantity was synthesized by the following sequence:

HZ.SO4 NH3

Na.N3 —— HN3 el NH4N3

Ammonium azide has a density of 1.35 and sublimes at
134°C. Vacuum thermal stability and explosion temperature
test results are given in Table II. Considcrable decomposition
occurred with the azide mixed with nitrocellulose at 120°C.
Even when cured at 50°C in the nitroplastisol binder, ''gassing'
occurred, Because of this incompatibility of the NH N, with
the binder, further evaluation of this additive was discontinued.
(Confidential)
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TABLE II - RESULTS OF STABILITY AND SENSITIVITY TESTS

OF CANDIDATE ADDITIVES FOR FORWARD~GRAIN PROPELLANT

Drop Sensitivity
(Drop height, with

Vacuum Stability

Five-Second

2-kg weight (Gas liberated at | Autoignition
50% fire) 120°C) Temperature
Additive (cm) (cc/gm/hr) (°C)
NH,N, 0.15% (in 44 hr) 238
TAZ 42 0.52% (in 44 hr)
PEHP 26 235
HMX 42 0.01 (in 40 hr) 327
1:1 TAZ-Type B
Ball Powder 23.5 (in 1 hr)
1:1 NH ,N,_-Type B
Ball Powder >25
2% TAZ; 98% B
Ball Powder 206
2% NH,N,; 98% B
Ball Powaer 210
*Material sublimed, as well as decomposed.’
(Confidential)

0

le.

.Polﬁethylene Hydrazine Perchlorate

Polyethylene hydrazine perchlorate (PEHF) was evaluated
for sensgitivity, compatibility, and strand burning-rate properties

in the nitroplastisol binder.

The pure PEHP was found to have a

somewhat greater sensitivity than HMX, as shown in Table II.
It had no effect on the burning rate of nitroplastisol in concentra-

tions up to two percent.

Y P ¢ o e 4
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identical to those of the pure binder. On the basis of these
preliminary results, the evaluation of PEHP was discontinued.
{Confidential)

Triamino guanidine Azide

One pound of triaminoguanidine azide (TAZ) was obtained
from Dow Chemical Company and evaluated in the nitroplastisol
system. Tests indicated that the drop sensitivity of TAZ was
similar to that of HMX, but its stability at elevated temperatures
was far inferior. Considerable decomposition occurred at 120°C
in vacuum stability tests with Type B ball powder. (Confidential)

In preliminary formulation studies with TAZ, there was
some evidence of '"gassing'' when cured at 50°C. The cure tem-
perature was therefore lowered to 40°C to obtain strands for
burning-rate studies. Strand burning-rate data, shown in Figure
5, indicate that at the two-percent and eight-percent levels, TAZ
increases the burning rate, but does not affect the slope signi-
ficantly. (Confidential)

Potassium Perchlorate

Table HI presents a summary of the potassiurn perchlorate
(KCLO4) and HMX formulations studied, and gives the measured
pressure exponents up to 2000 psi for all formulations, and up to
4500 psi for the most promising formulations. PPO-13 data are
given for comparison. The strand burning rates for the potas-
sium peichlorate formulations are plotted as a function of pres-
sure in Figures 6 through 12. As indicated in Table III, each
formulation, except PPO-76, gave higher pressure exponents
than PPO-13. Since a break occurs in most of the burning-rate
curves in the range from 300 to 600 psi, two exponents are given:
(1) an over-all exponent between 100 and 2000 psi, and (2) the
exponent between 600 and 2000 psi. The latter values give an
indication of the exponent to be expected at the higher pressures
of the pressure range of interest (100 to 4500 psi), over which
the five most promising formulations were subsequently investi-
gated. (Confidential)

The addition of potassium perchlorate to the nitroplastisol
binder increased pressure exponent at both the low and high pres-
sures as shown in Figure 6 for formulation PPO-73. The extremely
high exponent, 0.95, of this formulation at high pressures is

N\

CONFIDENTIAL

DORRE SNSRI ¥

o
—

e
AP




)

Lt d

2 02

CONFIDENTIAL

AFRPL-TR-65-209, Vol I

Pressure (psi)

0. 60
Formulations: i

0.50 10Ball Powder - 49, 5%

0. 40 TEGDN -49,5%
- Resorcinol « 1.0%
3 OBall Powder - 48, 5%
g 9301 rEGDN - 48.5% T
: Resorcinol = 1.0%
& 0.20 TAZ - 2.0%
e ABall Powder ~ 45, 5%
4 TEGDN - 45,5%
k- Resorcinol - L, 0%
< TAZ - 8, OV 3 | M without TAZ
g L,
% 0.10 ]
é 0,08
a o.07

0..06

0,05

{Confidential)
0.04
100 200 300 400 600 800 1000 2000 3000

Nitroplastisol Propellant

CONFIDENTIAL

Figure 5 - Effect of TAZ on Strand Burning Rate of PPO 13
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Figure 6 - Strand Burning-Rate Data for PPO-73 Propellant

{(50-Micron Potassium Perchlorate)
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Figure 7 - Strand Burning-Rate Data for PPO-75 Propellant
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Figure 8 - Strand Burning-Rate Data for PPO-76 Propellant
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Figure 9 - Strand Burning-Rate Data for PPO-72 Propellant
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Figure 10 - Strand Burning-Rate Data for PPO-7]1 Propellant
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Figure 12 - Strand Burning-Rate Data for PPO-77 Propellant

undesirable, however. The addition of nitroguanidine to the
potassium perchlorate in formulations PPO-75 and PPO-76
lowered the exponent at both high and low pressures as shown
in Figures 7 and 8. The addition of HMX to the potassium
perchlorate in formulation PPO-72 lowered the burning-rate
slope slightly (see Figure 9). The effects of three coolants,
oxamide, guanidine carbonate, and ammonium oxalate, were
studied in potassiur. perchlorate formulations PPO-71, -74,
and -77, respectively; the results are shown in Figures 10
through 12. The first two coolants decreased the undesirably
high pressure exponent at high pressures without appreciably
affecting the slope in the lowpressure range (see Figures 10
and 11). These results were very encouraging since coolants
must be used with potassium perchlorate to keep the flame
temperature below 3000°F. (Confidential)

The potassium perchlorate used in the preceding
formulations had an average particle size of 50 microns. To
determine the effect of particle size, 150~-micron potassium
perchlorate was used in formulations PPO-73, -82, and -83

-26-
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AFRPL-TR-65-209, Vol1 GONFIDENTIAL

(Figures 13, 14, and 15). The exponent of 0.84 achieved for
PPO-73 with 150-micron potassium perchlorate (Figure 13) is
considerably higher than the exponent of 0. 77 achieved previously
for PPO-73 with 50-micron oxidizer (Figure 6 and Table III).
However, extremely high exponents were achieved for both
particle sizes at pressures above 600 psi, i.e., 1.0 and.0.95,
respectively. (Confidential)

The coolant guanidine carbonate was again incorporated
into the propellant (formulation PPO-74) and evaluated over the
pressure range from 100 to 4500 psi. A constant exponent of
0.76 to 0,77 was achieved over this range (Figure 16). (Con-
fidential)

g HMX

The addition of HMX to the nitroplastisol binder in formula-

tion PPO-70 increased the pressure exponent above 600 psi,

as shown in Figure 17. However, the pressure exponent below
600 psi was slightly less than that of PPO-13. The addition of
nitroguanidine as well as HMX, in formulation PPO-78, also
produced a higher burning-rate slope in the low-pressure range
(see Figure 18). This formulation had a mean slope of 0.74
between 100 and 2000 psi. (Confidential)

The effect of HMX particle size was studied by incorpora-
ting, separately, 6- and 500-micron HMX in the PPO-78 formula-
tion. PPO-82, a formulation with 200-micron HMX, had previous-
ly been evaluated and found to have a 0. 74 exponent between
100 and 2000 psi (Figure 14). Both the smaller and larger parti-
cle size HMX decreased the exponent (Figures 19 and 20).
(Confidential)

The addition of ammonium oxalate (PPQO-79) increased the
exponent of HMX propellants, whereas triacetin had little effect
(PPO-80, -81, and -97), as shown in Figures 21 through 24.
PPO-80, with five percent triacetin, had an exponent of 0.75
(Figure 22) up to 2000 psi, compared with 0. 74 for PPO-78, with
200-micron HMX but no triacetin. Nitroguanidine increased
slightly the exponent of HMX formulations in the low-pressure
range, as shown by a comparison of PPO-80 with PPO-81 (Figures
22 and 23). (Confidential)
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Figure 13 - Strand Burning-Rate Data for PPQ-73 Propellant
(150-Micron Potassium Perchlorate)
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Figure 16 - Strand Burning-Rate Data for PPO-74 Propellant
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Figure 17 - Strand Burning-Rate Data for PPO-70 Propellant
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Figure 18 - Strand Burning-Rate Data for PPO-78 Propellant
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Figure 23 - Strand Burning Rate Data for PPO-81 Propellant
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On the basis of the favorable results obtained with PP0O-80,
it was evaluated over the range from 100 to 4500 psi. The expo-~
nent increased from 0.75, for the 100- to 2000-psi range, to
0.77 for the entire pressure rauge. (Confidential)

Of the two additives, HMX and potasaium perchlorate, HMX
ie much preferred from the standpoint of specific impulse and the
desirability of solid-free exhaust. Each of the formulations was
burned at pressures down to 50 psi to evaluate the low-pressure
combustion properties, and each formulation produced less
residual char at low pressures than PPO-13. (Confidential)

Coolants

The addition of oxamide to the nitroplastisol binder signi-
ficantly increased the pressure exponent, which increased with
increasing concentration of oxamide (Figures 25 and 26). The
amount of residue at low pressures increased with oxamide con-
tent, although with five percent oxamide (PPO-90), the residue
at 50 psi was very small. The addition of oxamide as well as
